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1. Introduction 

New LTE UE demodulation requirements for 10 MHz operation in Release 9 have been proposed.  The following were agreed as the way forward in RAN4 #53 [1] and RAN4 #54 [2] meetings.  The first two scenarios listed below were agreed while the last three remain FFS.
1. PDSCH closed loop spatial multiplexing, 10 MHz, 64QAM ¾, 4x2 medium, EPA5, R.32 FDD

2. PDSCH transmit diversity, 10 MHz, QPSK 1/3, 4x2 low, ETU70, R.13 FDD
3. PDSCH closed loop spatial multiplexing, 10 MHz, 64QAM ¾, 2x2 low, EPA5, R.31 FDD

4. PDCCH/PCFICH transmit diversity, 10 MHz, 4CCE, 2x2 low, EVA70, 1% miss, R.33 FDD

5. PHICH transmit diversity, 10 MHz, 2x2 low, EVA70, 0.1% miss, R.34.

In this contribution, simulation results have been updated from [3] for the first two scenarios to reflect the agreed changes as italicized in the list above.  In all of these simulations, a limited set of impairments has been modeled in the receiver.  Transmitter EVM has not been modeled, i.e., Tx EVM=0%.
2. Simulation Curves
Simulation results are shown below.  Tabulated data for alignment is provided in an accompanying spreadsheet.
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Figure 1.  PDSCH 4x2 CLSM, 64QAM 3/4, 4x2 Medium, EPA5
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Figure 2.  PDSCH 4x2 TxD QPSK 1/3, 4x2 low, ETU70
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Figure 3.  PDSCH 2x2, 64QAM ¾, 2x2 low, EPA5
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Figure 4.  PDCCH/PCFICH TxD, 4CCE, 2x2 low, EVA70, 1% miss
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Figure 5.  PHICH TxD, 2x2 low, EVA70, 0.1% miss
3. Discussion

There have been concerns raised about the testability of the 64QAM dual-layer spatial multiplexing test cases because of the high SNR in excess of 20dB required.  The concerns are twofold.  First, there is a concern whether the test equipment is able to generate a signal with sufficient fidelity (i.e., Tx EVM, spectral flatness, etc) to be able to meaningfully test this requirement at the required SNR.  Second, there is a concern that at such a high SNR, the impairments in the UE that have not been properly captured in simulations may have a significant effect on the actual required SNR to achieve 70% throughput.  Suggestions to address these issues include modifying the test in such a manner that the required SNR is lowered or inserting additional margin into the SNR specification.  
We consider the approach of inserting additional margin.  As noted above and expressed in a number of contributions, [4], [5],[6], and [7] for example, at such high SNR’s, the demodulation performance of the UE is not captured simply in the AWGN component.  In addition to the AWGN, the small imperfections in the transmitter (test equipment) and in the UE receiver now play a significant role in the performance of the UE and introduce a noise floor beyond which improvements in AWGN provide minimal or no improvement in BER or throughput.  The SNR presented to the receiver (denoted as “overall SNR”) is now a composite of the AWGN, the transmitter noise floor, and the receiver noise floor.  The AWGN component is what needs to be specified in the requirement as this is control variable in the test.  The transmitter noise floor, the receiver noise floor, and the overall SNR required to achieve the desired level of performance are used to derive the AWGN SNR.  For a static non-fading channel, the relationship can be captured by the following equation.
Equation 1
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Since in the test cases the Tx noise is scaled by the fading channel, this equation should be interpreted as a bound on performance with which specifications can be be derived.
2x2 Dual-Layer Spatial Multiplexing

Shown below in Figure 6 are a family of simulation curves for the 2x2 MIMO test case.  For these simulations, some but not all of the UE impairments have been modeled.  Additionally, each curve represesents a modulator Tx EVM value ranging from 0 to 9%.  
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Figure 6.  PDSCH 2x2 CLSM with TxEVM from 0 to 9%
The result is summarized in Table 1 and Figure 7 below where the required SNR is listed and the additional SNR margin required due to Tx EVM is plotted.  
Table 1.  SNR required to achieve 70% throughput for PDSCH 2x2 CLSM with Tx EVM

	Tx EVM
	SNR Required (70%)

	0%
	21.7 dB

	1%
	21.9 dB

	2%
	22.3 dB

	3%
	22.3 dB

	4%
	23.1 dB

	5%
	23.7 dB

	6%
	24.7 dB

	7%
	26.7 dB

	8%
	28.3 dB

	9%
	32.4 dB
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Figure 7.  Additional SNR margin required for Tx EVM for 2x2 dual-layer spatial multiplexing test case.
It can be seen that the transmitter noise floor characterized here by Tx EVM has a profound effect of performance.  The actual Tx EVM of the test and measurement equipment is unknown, but is anticipated to be better than 6%.  Assuming it to be 6% and deriving the required margin from this assumption may be overly pessimistic.  However, the SNR margin shown in Figure 7 considers only one aspect of transmitter impairment.  There may be other impairments as well such as spectral flatness.  It may be reasonable to regard the SNR margin required for all transmitter impairments to be consolidated together in an “effective Tx EVM” of 6%.  
For the receiver, some but not all of the impairments have been modeled in the simulation results shown above.  None of the RF impairments have been included.  However, it is well understood that in any practical UE implementation, there will exist impairments and imperfections which ultimately limit the performance of the UE by way of a noise floor.  Lumping all of these impairments together, we introduce the notion of the receiver noise floor at 30dB SNR.
The AWGN component computed using Equation 1 is found to be 26.7dB.  Since the overall SNR requirement for 70% throughput is based off of a fairly idealized simulation, a 1.5dB implementation margin is added to the computed SNR of the AWGN component.  The SNR requirement with margin then becomes 28.2dB.
4x2 Dual-Layer Spatial Multiplexing

The 4x2 spatial multiplexing margin can be determined in a similar fashion.  For this case, the simulations were run without any receiver side impairments modeled.  The overall SNR requirement is found to be 25.3dB.  Using the same assumptions as described earlier for the 2x2 case and including the effects of the transmitter and receiver noise floors, it is found that for an effective Tx EVM of 6%, the required overall SNR of 25.3 dB can not be achieved, regardless of how high the AWGN SNR is.  That is, the effective Tx EVM noise floor does not allow this requirement to be tested.  For the sake of discussion, even if the effective Tx ACLR could be lowered to 4%, the AWGN SNR required would be 36dB!  For these reasons, we recommend modifying the test case to lower the required SNR.
Summary of Results

The SNR values required to achieve required performance with and without implementation margin are tabulated below

	Test Description
	Performance Criterion
	SNR (dB) without margin
	SNR (dB) including Tx and Rx margin

	PDSCH CLSM, 10 MHz, 64QAM ¾, 4x2 medium, EPA5, R.32 FDD
	70% throughput
	25.3
	TBD

	PDSCH TxD, 10 MHz, QPSK 1/3, 4x2 low, ETU70, R.13 FDD
	70% throughput
	1.5
	3.0

	PDSCH CLSM, 10 MHz, 64QAM ¾, 2x2 low, EPA5, R.31 FDD
	70% throughput
	21.7
	28.2

	PDCCH/PCFICH Tx diversity, 10 MHz, 4CCE, 2x2 low, EVA70, R.33 FDD
	1% miss
	-3.1
	-1.6

	PHICH Tx diversity, 10 MHz, 2x2 low, EVA70, R.34.
	0.1% miss
	2.2
	3.7


4. Conclusion

In this contribution, updated simulation results have been provided.  To establish the SNR requirement, margin is applied to the simulation results to account for imperfect modeling of actual performance.  For the 64QAM dual-layer MIMO test cases, the SNR requirement has been found to be very high.  Thus, it is necessary to factor in the effect of the transmitter and receiver noise floors in determining the SNR requirement for the AWGN component.  Using such a methodology, we recommend an SNR requirement of 28.2 dB for the 2x2 case.  The 4x2 case was found to be limited by the transmitter impairments such that the desired throughput could not be met at any SNR.  We therefore recommend investigating other alternatives in modifying this test case to reduce the SNR requirement.
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